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SURGXFWLRQPDQDJHPHQWRIWKHRLOILHOGQRWRQO\PHHWWKHGHPDQGRIWKHGHYHORSPHQWRIRXUQDWLRQDOHFRQRP\DQG
QDWLRQDOHQHUJ\VDIHW\EXWDOVRJHWDQHYHULQFUHDVLQJEHQHILWDQGJRLQJFRQFHUQ7KHUHIRUHLWLVYHU\QHFHVVDU\WR
PDNHGHFLVLRQSURJUDPPLQJIRUHDFKRLOILHOGLQGHYHORSLQJ2IFRXUVHWKHRSWLPL]DWLRQVFKHPHLQWKHRLOILHOG
GHYHORSPHQWSODQQLQJLVGHULYHGE\FRQVLGHULQJDOOWKHDIIHFWLQJIDFWRUVVXFKDVSROLWLFVQDWLRQDOFDSDFLW\LQGLFHV
HFRQRPLFVPD[LPXPWKHEHQHILWVRIRLOILHOGDQGWHFKQLTXHVOLPLWDWLRQVRIGHYHORSPHQWSURFHVV
$OWKRXJKPDQ\VFKRODUVDWGRPHVWLFDQGRYHUVHDVKDYHUHVHDUFKHGWKHRSWLPL]DWLRQSUREOHPVLQWKHRLOILHOG
GHYHORSPHQWDQGSURSRVHGWKHPHWKRGVVROYLQJWKHP>@WKH\PDGHDQLPSOLFLWDVVXPSWLRQLQWKHLUZRUNWKDW
WKHUHLVRQO\DIL[HGUHVRXUFHFRQVWUDLQWOHYHORUDVLQJOHGHFLVLRQPDNHURUDQLVRODWHGHFRQRPLFVLWXDWLRQ
+RZHYHUWKHFRQVWUDLQWOHYHORIHDFKUHVRXUFHVXFKDVWRWDORLOSURGXFWLRQLQYHVWPHQWDQGZRUNORDGLVDOZD\V
XQFHUWDLQDQGHYHQWKHQXPEHURIVRPHOHYHOVPD\EHWZRRUPRUHLQDFWXDOSURJUDPPLQJ7KLVXQFHUWDLQW\
PRWLYDWHVXVWRVHDUFKQHZPHWKRGDQGPRGHOIRUWKHRLOILHOGGHYHORSPHQWSODQQLQJ%HFDXVHWKHUHDUHDORWRI
LQWHUUHODWHGGHFLVLRQPDNLQJDFWLYLWLHVWKHWUHPHQGRXVPDQSRZHUPDWHULDOUHVRXUFHVDQGZHDOWKDQGRWKHUUHODWHG
IDFWRUVGXULQJWKHRLOILHOGGHYHORSPHQWWKHRLOILHOGH[SORLWDWLRQV\VWHPVKRXOGSXUVXHGLYHUVHREMHFWLYHVVXFKDVWKH
ORZHVWSURGXFWLRQFRVWWKHODUJHVWSURGXFWLRQWKHVPDOOHVWLQYHVWPHQWWKHORZHVWZDWHUFXWWKHIDVWHVWRLO
GHYHORSLQJVSHHGDQGWKHKLJKHVWXOWLPDWHUHFRYHU\HWDODQGVRPHDERYHREMHFWLYHVPD\EHFRQIOLFWZLWKRQH
DQRWKHU0RUHRYHUWKHRLOILHOGGHYHORSPHQWHQYLURQPHQWKDVXQFHUWDLQW\7KXVZHPXVWFRQVLGHUWKHPXOWLSOH
REMHFWLYHVDQGWKHXQFHUWDLQUHVRXUFHFRQVWUDLQWOHYHOVZKHQZHIRUPXODWHDQRSWLPL]HGPRGHORIRLOILHOG
GHYHORSPHQW7KLVDUWLFOHLQWHQGVWRDGRSWWKHWKHRU\DQGPHWKRGRIPXOWLFULWHULDDQGPXOWLSOHFRQVWUDLQWOHYHO
OLQHDUSURJUDPPLQJWREXLOGWKHWKHRU\RIPXOWLSOHFRQVWUDLQWOHYHOSURJUDPPLQJRIRLOILHOGGHYHORSPHQW
&RPSDULQJZLWKWKHSUHYLRXVRSWLPL]DWLRQWKHRU\LWPD\GHDOZLWKWKHGHFLVLRQPDNLQJSUREOHPZLWKGLYHUVH
HFRQRPLFVLWXDWLRQVRUFKDQJHUHVRXUFHFRQVWUDLQWOHYHOVDQGJURXSGHFLVLRQ7KLVWKHRU\XVHVWKHGHFLVLRQPDNHUV¶
SUHIHUHQFHWRFRSHZLWKWKHXQFHUWDLQW\LQWKHHFRQRPLFVLWXDWLRQVDQGWKHUHVRXUFHFRQVWUDLQWOHYHOUDWKHUWKDQE\
WKHLGHDRIUDQGRPQHVVDQGIX]]LQHVV
 7KHRU\RIPXOWLSOHFRQVWUDLQWOHYHORIRLOILHOGGHYHORSPHQWSURJUDPPLQJ
7KHFRQFHSWRIPXOWLSOHFRQVWUDLQWOHYHO
7KH SUHYLRXV RSWLPL]HGPRGHOV RI RLOILHOG GHYHORSPHQW KDYH RQO\ RQH QXPEHU DW WKH ULJKW RI HDFK FRQVWUDLQW
FRQGLWLRQZKLFKLVFDOOHGFRQVWUDLQWOHYHOWKDWLVDOLPLWOHYHORIWKHFRQVWUDLQWXQGHUFHUWDLQHFRQRPLFFRQGLWLRQRU
RQO\RQHGHFLVLRQPDNHU7RGHDOZLWKWKHXQFHUWDLQW\RIWKHRLOILHOGGHYHORSPHQWHQYLURQPHQWWKLVSDSHUJLYHVWKH
FRQFHSWV RI PXOWLSOH FRQVWUDLQWOHYHO RI RLOILHOG GHYHORSPHQW ZLWK IUDPHZRUN RI 0&/3 ZKLFK DUH PDLQO\ DV
IROORZV
• &RQVWUDLQWOHYHORIRLOSURGXFWLRQ
&RQVWUDLQWOHYHORIRLOSURGXFWLRQLVWKHOLPLWYDOXHWREHJLYHQWRWKHFRQVWUDLQWRIRLOSURGXFWLRQLQWKH
GLIIHUHQWHFRQRPLFVLWXDWLRQVDQGGHFLVLRQPDNHUVRIRLOILHOGGHYHORSPHQWVXFKDVWKHUHFHVVLRQDQGSURVSHULW\
• &RQVWUDLQWOHYHORILQYHVWPHQW
&RQVWUDLQWOHYHORILQYHVWPHQWLVWKHOLPLWYDOXHWREHJLYHQWRWKHLQYHVWPHQWFRQVWUDLQWWRPHHWWKHQDWLRQDO
GHPDQGVIRUFUXGHRLOLQWKHGLIIHUHQWHFRQRPLFVLWXDWLRQVDQGGHFLVLRQPDNHUVRIRLOILHOGGHYHORSPHQWVXFKDV
WKHUHFHVVLRQDQGSURVSHULW\
• &RQVWUDLQWOHYHORIZRUNORDG
&RQVWUDLQWOHYHORIZRUNORDGLVWKHOLPLWYDOXHWREHJLYHQWRWKHZRUNORDGFRQVWUDLQWFRQVLGHULQJWKHDJUHHG
LQYHVWPHQW LQ WKH GLIIHUHQW HFRQRPLF VLWXDWLRQV DQG GHFLVLRQ PDNHUV RI RLOILHOG GHYHORSPHQW VXFK DV WKH
UHFHVVLRQDQGSURVSHULW\
0RGHORI0&/3
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 7KHPRGHOLQJLGHD
$IWHUVWXG\LQJWKHRSWLPL]DWLRQGHFLVLRQSUREOHPVLQRLOILHOGEUDQFKFRPSDQ\RURLOILHOGHQWHUSULVHVZHHVWDEOLVK
UHVSHFWLYHO\ WKH RSWLPL]DWLRQ PRGHOV IRU SURGXFWLRQ GLVWULEXWLRQ SURGXFWLRQ FRPSRVLWLRQ DQG PHDVXUHPHQWV
VWUXFWXUHEDVHGRQWKHRLOILHOGGHYHORSPHQWWKHRU\E\DSSO\LQJWKHWKHRULHVDQGPHWKRGVRIPDWKHPDWLFDOPRGHOLQJ
DQG0&/3
 $SSURDFKDQGSURFHGXUHVRIPRGHOLQJ
• $QDO\VLVRIWKHSUREOHP
*LYHQDUHVRXUFHFRQVWUDLQWOHYHOVWKHOHYHOVRISURGXFWLRQLQYHVWPHQWRUFRVWDQGZRUNORDGDQGWKHREMHFWLYHV
IRUH[DPSOHWKHEHVWEHQHILWWKHPLQLPXPFRVWDQGLQYHVWPHQWWKHPD[LPXPSURGXFWLRQHWFWKHWUDGLWLRQDO
RSWLPL]DWLRQPHWKRGVIRUSURGXFWLRQGLVWULEXWLRQSURGXFWLRQFRPSRVLWLRQDQGPHDVXUHPHQWVVWUXFWXUHUHDOL]HGWKH
IROORZLQJJRDOVDOORFDWLQJWKHWRWDOSURGXFWLRQRIWKHRYHUDOORLOILHOGWRHDFKRLOSURGXFWLRQSODQWRUEORFNWRPDNH
WKHEHVWGLVWULEXWLRQSODQDFFRUGLQJWRWKHSURGXFWLRQFRPSRVLWLRQWRDOORFDWHWKHWRWDOSURGXFWLRQRIWKHRYHUDOO
RLOILHOGWRHDFKRLOSURGXFWLRQSODQWRUEORFNWRJHWWKHEHVWSURGXFWLRQSRUWIROLRDOORFDWLQJWKHWRWDOPHDVXUHPHQW
SURGXFWLRQRIWKHRYHUDOORLOILHOGWRHDFKRLOSURGXFWLRQSODQWRUEORFNWRILQGWKHEHVWFRPELQDWLRQRIPHDVXUHPHQWV
WRLQFUHDVHRLOSURGXFWLRQ3URGXFWLRQRIWKHRLOILHOGGHSHQGVQRWRQO\RQLWVPLQHDEOHUHVHUYHVXQGHUJURXQGEXWDOVR
RQWKHH[SORLWLQJWHFKQRORJLHVDQGLQYHVWPHQWDVZHOODVWKHFUXGHRLOUHTXLUHPHQWIRUWKHGHYHORSPHQWRIDQDWLRQDO
HFRQRP\RUWKHQDWLRQDOHQHUJ\VDIHW\7KHIXWXUHH[SORLWDWLRQRIWKHRLOILHOGLVXQFHUWDLQQRWRQO\EHFDXVHWKDWRLOLV
EXULHGLQWKHGHHSXQGHUJURXQGEXWDOVREHFDXVHWKHFUXGHRLOUHTXLUHPHQWIRUWKHGHYHORSPHQWRIDQDWLRQDO
HFRQRP\RUWKHQDWLRQDOHQHUJ\VDIHW\LVUDQGRP+RZDUHUHDVRQDEOHDQGVFLHQWLILFVROXWLRQVIRXQGIRUSURGXFWLRQ
DOORFDWLRQSURGXFWLRQFRPSRVLWLRQDQGPHDVXUHPHQWVVWUXFWXUHXQGHUWKLVXQFHUWDLQW\":HVKRXOGVHDUFKIRUDVHWRI
RSWLPDOVROXWLRQVWKDWFDQKDQGOHGLIIHUHQWUHVRXUFHFRQVWUDLQWOHYHOVUDWKHUWKDQGHWHUPLQHVLQJOHRSWLPDOVROXWLRQ
DQVZHULQJWRWKHIL[HGOHYHORIWKHDYDLODEOHUHVRXUFH7KHVHTXHVWLRQVFDQEHVHWWOHGE\XVLQJIUDPHZRUNRI0&/3
WRREWDLQWKHWUDGHRIIVRIWKHPXOWLSOHFULWHULDDQGPXOWLSOHUHVRXUFHFRQVWUDLQWOHYHOV
• $VVXPSWLRQVRIWKHSUREOHP
)RUVLPSOLFLW\DQGHDV\XQGHUVWDQGLQJ0&/3PRGHOVHYHUDODVVXPSWLRQVDUHPDGHDVIROORZV
7KHUHDUHRQO\WZRREMHFWLYHVDQGWZRFRQVWUDLQWOHYHOVLQWKH0&/3PRGHOVWREHFRQVLGHUHGLQWKHSDSHU
7KHREMHFWLYHIXQFWLRQVDQGWKHFRQVWUDLQWIXQFWLRQVDUHOLQHDU
,IWKHSUREOHPKDVPXOWLSOHREMHFWLYHVDQGPXOWLSOHFRQVWUDLQWOHYHOVZHQHHGWRDGGWKHUHVWRIREMHFWLYHV
EHORZWKHWZRREMHFWLYHVDQGWKHUHVWRIFRQVWUDLQWOHYHOVWRWKHULJKWKDQGRIWKHWZRFRQVWUDLQWOHYHOV
• )RUPXODWLRQRIWKH0&/3PRGHO
:KHQHVWDEOLVKLQJWKH0&/3PRGHOWKHUHDUHIRXUHOHPHQWVWREHGHWHUPLQHGWKHGHFLVLRQYDULDEOHVWKH
REMHFWLYHVRUGHFLVLRQFULWHULDWKHFRQVWUDLQWFRQGLWLRQVDQGWKHFRQVWUDLQWOHYHOV6LQFHWKHILUVWWKUHHHOHPHQWVFDQ
EHGHWHUPLQHGE\WKHVDPHZD\LQWUDGLWLRQDORSWLPL]DWLRQPRGHOOLQJZHZLOORQO\LQWURGXFHWKHPHWKRGDVDQ
H[DPSOHWRGHWHUPLQHWKHFRQVWUDLQWOHYHOVRIWKHSURGXFWLRQDOORFDWLRQSUREOHP
)LUVWO\ZHVKRXOGFRQILUPWKHFRQVWUDLQWFRQGLWLRQVLQYROYHGLQWKHRSWLPL]DWLRQPRGHO7KHQZHVKRXOG
GHWHUPLQHHDFKFRQVWUDLQWOHYHODVIROORZV
&RQVLGHULQJYDULRXVIDFWRUVLQFOXGLQJWKHGLIIHUHQWTXDQWLW\GHPDQGRIWKHFUXGHRLOWKHXQGHUJURXQG
UHVHUYHVDQGWKHH[SORLWDWLRQWHFKQLTXHVDQGGLVFLSOLQHWKHGHFLVLRQPDNHUVLQWKHEUDQFKFRPSDQ\DQGWKH
OHDGHUVKLSRIPDNLQJGHFLVLRQVLQWKHJURXSFRPSDQ\VKRXOGFRQVXOWZLWKWKHRLOILHOGGHFLVLRQPDNHUVWRDFTXLUHWKH
WZRFRQVWUDLQWOHYHOVRIWKHSURGXFWLRQFRQVWUDLQWLHWKHORZFRQVWUDLQWOHYHO G DQGWKHKLJKFRQVWUDLQWOHYHO G 
DQGWKDWRIWKHLQYHVWPHQWFRQVWUDLQWLHWKHORZFRQVWUDLQWOHYHO G DQGWKHKLJKFRQVWUDLQWOHYHO G UHVSHFWLYHO\
FRUUHVSRQGLQJWRWKHHFRQRPLFUHFHVVLRQDQGSURVSHULW\
$FFRUGLQJWRWKHJHRORJLFDOUHVHUYHVRIWKHRLOILHOGWKHH[SORLWDWLRQGLVFLSOLQHRIRLOILHOGLWVHOIDQGWKH
H[SORLWDWLRQWHFKQLTXHVWKHRLOILHOGEUDQFKFRPSDQ\ZRXOGJLYHWKHWZRFRQVWUDLQWOHYHOVRIWKHZRUNORDGLHWKH
ORZFRQVWUDLQWOHYHO G DQGWKHKLJKFRQVWUDLQWOHYHO G VDWLVI\LQJWKDWWKHRLOILHOGFDQFRPSOHWHWKHSURGXFWLRQWDVNV
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JHWWKHPD[LPXPEHQHILWDQGJRLQJFRQFHUQLQWKHVDPHHFRQRPLFVLWXDWLRQVDQGWKHFRQFHUWHGLQYHVWPHQWPDGHE\
WKHJURXSFRPSDQ\
,QWHJUDWLQJWKHFRQVWUDLQWOHYHOVZLWKWKHGHFLVLRQYDULDEOHVWKHREMHFWLYHIXQFWLRQVDQGWKHFRQVWUDLQWFRQGLWLRQV
WREHDFKLHYHGE\WKHILUVWWKUHHHOHPHQWVWKH0&/3PRGHOFDQEHEXLOW
$OJRULWKPVRI0&/3
 $OJRULWKPRIWKHVLQJOHREMHFWLYHDQGPXOWLSOHFRQVWUDLQWOHYHOOLQHDUSURJUDPPLQJ
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IHDVLEOH LI$[ OLHV LQDFRQYH[VHWJHQHUDWHGE\' ,QRUGHU WRVHHKRZWKLV LQWHUSUHWDWLRQZRUNVZH LQWURGXFH
WZRZHLJKWSDUDPHWHUV WKHFRQVWUDLQWSDUDPHWHU >γ DQGWKHFULWHULDSDUDPHWHU >λ LQWRWKHIRUPXODWLRQ
1RWHWKDWERWK ×Sγ DQG ×Tλ DUHFROXPQYHFWRUV7KXVWKH0&OLQHDUSURJUDPPLQJFDQEHZULWWHQDV

145 Yihua Zhong et al. /  Procedia Computer Science  17 ( 2013 )  141 – 148 
70D[
VW  
λ
γ≤­® ≥¯
&[
$[ '
[ 


%HFDXVHWKDWWKHVWUXFWXUHRI0&OLQHDUSURJUDPPLQJFRQVLGHUVQRWRQO\WKHWUDGHRIIVEHWZHHQPXOWLSOHFULWHULD
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SUREOHPVPRUHIOH[LEO\DQGWUXO\,WVVROYLQJPHWKRGVDUHLQWURGXFHGDVIROORZV
• 0&LQWHULRUSRLQWPHWKRG
$FFRUGLQJWRWKHVROXWLRQWKHRUHPRI0&/3PRGHOWKDWWKHVROXWLRQRIWKH0&PRGHOLVWKHFRQYH[FRPELQDWLRQ
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
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2SWLPL]DWLRQRIWKHRLOSURGXFWLRQGLVWULEXWLRQ
7KH OLWHUDWXUH >@ GLVFXVVHV WKH RSWLPL]DWLRQ SUREOHP WR RSWLPDOO\ GLVWULEXWH WKH SURGXFWLRQ RI WKH RLOILHOG
EUDQFK FRPSDQLHV WR QRLO SURGXFWLRQSODQWV$VVXPLQJ WKDW WKHUH DUH WKUHH FRQVWUDLQW FRQGLWLRQV RLO SURGXFWLRQ
LQYHVWPHQWDQGZRUNORDGDQGWKDWHDFKFRQVWUDLQWFRQGLWLRQKDVWZRFRQVWUDLQWOHYHOVWKHQWKHSURJUDPPLQJPRGHO
RIWKHSURGXFWLRQGLVWULEXWLRQSXUVXLQJWKHPD[LPXPSURILWDQGPLQLPXPRSHUDWLRQFRVWLQSODQQLQJ\HDULVJLYHQDV
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 &RQFOXVLRQ
:LWKHDFKUHVRXUFHFRQVWUDLQWOHYHOVXFKDVWKHWRWDORLOSURGXFWLRQWKHLQYHVWPHQWFRVWWKHZRUNORDGPD\
FKDQJHHYHQFKDQJHLQWRVHYHUDOLQPDNLQJWKHRLOILHOGGHYHORSPHQWSODQWKLVSDSHULQWURGXFHVWKHIUDPHZRUNRI
0&/3LQWRWKHRLOILHOGGHYHORSPHQWV\VWHPWRHVWDEOLVKDVHWRIRSWLPDOPHWKRGVDQGWHFKQLTXHVRIRLOILHOG
GHYHORSPHQWSURJUDPPLQJ7KHSURJUDPPLQJSURMHFWREWDLQHGE\WKHQHZPHWKRGDQGWHFKQRORJ\FDQIHHGEDFN
LQWHJUDWHGLQIRUPDWLRQDERXWGHYHORSPHQWSURJUDPPLQJWRGHFLVLRQPDNHUVDQGSURYLGHDFRQWLJHQF\SODQIRU
GHFLVLRQPDNHUVWRGHDOZLWKWKHSRVVLEOHFKDQJHVRIWKHUHVRXUFHFRQVWUDLQWOHYHOLQRLOILHOGH[SORLWDWLRQSURFHVV
)XUWKHUZRUNPD\EHIRFXVRQGHYHORSLQJVRIWZDUHIRUWKHPXOWLFULWHULDDQGPXOWLSOHFRQVWUDLQWOHYHOOLQHDU
SURJUDPPLQJLQRLOILHOGGHYHORSPHQWSODQQLQJRURQIRVWHULQJWKHPXOWLFULWHULDDQGPXOWLSOHFRQVWUDLQWOHYHO
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